Rutin is the bioactive flavanoid isolated from the straw part of Triticum aestivum and possess various pharmacological applications. The aim of this study is to evaluate the chemopreventive potential of rutin in an experimental skin carcinogenesis mice model system. Skin tumor was induced by topical application of 7,12-dimethyl benz(a) anthracene (DMBA) and promoted by croton oil in Swiss albino mice. To assess the chemopreventive potential of rutin, it was orally administered at a concentration of (200 mg/kg and 400 mg/kg body weight) continued three times weekly for 16th weeks. The development of skin carcinogenesis was assessed by histopathological analysis. Reductions in tumor size and cumulative number of papillomas were seen due to rutin treatment. Average latent period was significantly increased as compared to carcinogen treated control. Rutin produced significant decrease in the activity of serum enzyme serum glutamate oxalate transaminase (SGOT), serum glutamate pyruvate transaminase (SGPT), alkaline phosphatase (ALP) and bilirubin when compared with the control. They significantly increased the levels of enzyme involved in oxidative stress glutathione (GSH), superoxide dismutase (SOD) and catalase. The elevated level of lipid peroxidase in the control group was significantly inhibited by rutin administration. The results from the present study suggest the chemopreventive effect of rutin in DMBA and croton oil induced skin carcinogenesis in swiss albino mice and one of the probable reasons would be its antioxidant potential.
Introduction
Triticum aestivum Linn. commonly known as wheat grass belongs to the Gramineae and is being used in many native drug preparations. Triticum aestivum possess high chlorophyll content and essential vitamins, minerals, vital enzymes, amino acids, dietary fibers. Pharmacological studies carried out with extracts from Triticum straw shows that this plant exerts several biological effects, such as: anti-ulcer [1] , anti-arthritic [2] , antioxidant [3] , antimicrobial [4] and antidiabetic [5] activities.
Flavanoids produce a wide range of biological effects in several mammalian cell systems and this was proved by many in vitro and in vivo experiments [6] . Rutin also called rutoside, quercitin-3-rutinoside and sophorin extensively found in many plants, including Triticum aestivum. This flavanoid has a broad range of biological activities antimicrobial [7] , anti-inflammatory [8, 9] , antioxidant [10] , neuroprotective [11] , antiviral [12] , and antiulcerogenic [13] . The anticarcinogenic activity of rutin has not yet been fully explored. Cancer prevention could be achieved by avoidance of cancer causing substances, and by using chemopreventive agents that can inhibit initiation and also to act as blocking and suppressing agents [14] . In humans, rutin attaches to the iron ion, preventing it from binding to hydrogen peroxide which could otherwise create a highly reactive free radical that may damage cell. It is also antioxidant and therefore plays a role in preventing some cancer [15] . In the present study attempts have been made to understand the chemopreventive potential of rutin isolated from Triticum aestivum in DMBA croton oil induced skin carcinogenesis mice model system.
Material and Methods

Plant Material and Preparation of the Methanolic Extract
Straw of Triticum aestivum (Gramineae) were collected from one village near Neelbad, Bhopal, M.P., India. Herbarium was prepared and submitted for authentication at Sefia College of Science, Bhopal. Plant was authenticated by Dr. Zia-ul-Hassan. Plantmaterial was dried under shade and pulverised using electric grinder. Firstly, driedsample was extracted with hexane at room temperature (30 °C) for 10 days with regular stirring in between, obtaining the hexanic extract. Thereafter, the material obtained by the extraction with hexane was macerated withmethanol, yielding the methanolic extract. Furthermore, the methanolicextract was concentrated by rotary vaccum evaporator followed by filtration, yielding a yellow-green material (2.5% w/w yield). It was analyzed by ultra-violet, infrared, gas chromatography mass spectrometry and nuclear magnetic resonance spectroscopicanalyses that revealed the presence of a high content of the flavonoid quercetin-3-O-α-L-rhamnopyranosyl-(1-6) β-Dglucopyranoside (rutin). This material was further purified by recrystalization withmethanol to yield rutin (99% purity).
Chemicals
7,12-Dimethyl benzanthracene (DMBA) and croton oil was purchased from Sigma Aldrich. Other chemical reagents are commercially available and of analytical grade.
Animals
Swiss albino mice of either sex were selected at random from animal house of Pinnacle Biomedical Research Institute (PBRI), Bhopal. Animals were housed in poly propylene cages with sterile husk and provided standard pellet (Golden feeds, New Delhi, India) and water ad libitum as their feed though out the experiment. The animals were maintained with a 12 h light dark cycle at 22 ± 2 °C at controlled condition. All animal experiments were performed with prior permission of Institutional Animal Ethics Committee (IAEC) of PBRI, Bhopal (Reg No. 1283/c/09/CPCSEA).
Determination of the Effect of Rutin on DMBA Croton Oil Induced Skin Carcinogenesis
Three groups (6 animals per group) of Swiss albino mice were used for the study. Animals were dorsally shaved with hair clipper. Group 1 animals were treated with single dose of DMBA (100 µg/100 µL of acetone) over the shaven area of the skin of the mice afterwards 1% croton oil was applied on skin 3 times a week up to 16 week. After the single dose of DMBA, Group 2 animals were treated with rutin (200 mg/kg) orally each day after DMBA application till completion of experiment and 1% croton oil was applied on skin after one hour rutin administration three times a week. Group 3 animals were treated with the same procedure as that of Group 2 animals but the dose level of rutin was changed (400 mg/kg). After 14 days of DMBA application, mice were observed each week for incidence of skin tumors and its sizes, body weight and average latent period were recorded till 16th weeks.
Determination of the Effect of Rutin on Enzyme Involved in Oxidative Stress
At the last day of the experiment, animals of all the groups were sacrificed by cervical dislocation. The animals were immediately dissected to remove their skins which were washed in ice-cold saline (0.9% NaCl) and the extraneous material was removed. It was then weighed and blotted dry. A 10% tissue homogenate was prepared from part of the skin in 0.15 M Tris-KCL (pH 7.4), and the homogenate was then centrifuged at 12,000 rpm for 15 min.
For biochemical estimation, post mitochondrial supernatant, were used on the same day that animals were killed. The level of lipid peroxide (LPO) was estimated by using the method of Ando S et al. [16] , GSH (Moron MA et al.) [17] , SOD (Marklund et al.) [18] , Catalases (Clainborn) [19] and protein estimation (Lowry et al.) [20] .
Determination of the Effect of Rutin on Serum Enzyme Analysis
The blood was obtained from all animals by puncturing retro-orbital plexus. At room temperature, the blood samples were allowed to clot for 45 min. Serum was separated by centrifugation at 2500 rpm at 30 °C for 15 min and utilized for the determination of various biochemical parameters. The levels of SGOT, SGPT, SALP and serum bilirubin were estimated by using span diagnostic kit.
Histopathology
Paraffin blocks were prepared for processed formalin fixed tissue samples. Tissue sections (3-4 mm) were taken for hematoxylin-eosin (HE) staining and epidermal thickness was determined by microscopic examination of H & E-stained tissue sample.
Statistical Analysis
Values are recorded as mean ± SD. The data obtained from different groups was analyzed by ANOVA. The value p < 0.05 was considered statistically significant for all conduct experiment.
Results
The outcomes of the present study are furnished in Tables 1-3 . A gradual decrease in body weight was noted in all animals of the different groups. Animals of groups II and III, given a continuous treatment of different dose of rutin orally as mentioned above along with the repeated application of croton oil, showed a significant reduction in the cumulative number of papillomas and tumor size ( Figure 1B ,C and Table 1 ) as compared to the treated control group (Figure1A). The latency period was found to be 10.10 ± 5.17 week in the carcinogen treated control group, whereas it was significantly higher in rutin treated groups. a The lag between the application of the promoting agent and the appearance of 50% of tumors was determined. Average latent period = Σfx/n, f is the number of tumors appearing each week; x is the numbers of weeks and n is the total number of tumors. A significant increase in GSH, SOD, catalase and protein level was noted in the skin of rutin administered animals (Groups II and III) than the control group animals (Group I) ( Table 2) . On contrary, the lipid peroxidase level was found to be decreased significantly in rutin administered animals as compared to control group animals. A significant decrease in enzyme serum glutamate oxalate transaminase and serum glutamate pyruvate transaminase, alkaline phosphatase and bilirubin level was noted in the serum of rutin administered animals (Groups II and III) than the control group animals (Group I) ( Table 3) .
In general the normal dermal layer consisted of two layers in which one has loose connective tissue and another has dense connective tissue called as papillary layer and reticular layer respectively. In DMBA and croton oil treated animals ( Figure 2A ) these layer starts differentiating in the form of papilloma with signs of abnormal architecture of epidermal layer and this was due to irregular proliferation of stratum spinosum cells, with abnormal thickening of stratum corneum and stratum spinosum. In rutin treated animals histological observation revealed that signs of tumor were present but hyperkeratosis and acanthosis were present but they were less as compared to control treatment ( Figure 2B,C) . 
Discussion
Human epidemiological data indicate that regular use of certain medicinal plants suppress carcinogenesis in various organs [21] . So, it is becoming increasingly important to screen natural products which might suppress or reverse the process of carcinogenesis [22] . The results of the current study, and many others, indicate several beneficial effects of rutin. Skin carcinogenesis is based on the fact that initiation with the sequential application of a subthreshold dose of a carcinogen such as DMBA, followed by repetitive treatment with a noncarcinogenic promoter like croton oil (promotion) will lead to the development of skin tumors. Among the initiation and promotion steps, animal studies show that the promotion stage takes longer period to occur and it is reversible initially [23] . Therefore, cancer prevention by inhibition of tumor promotion is expected to be a resourceful approach. In the present study, rutin administration could significantly inhibit DMBA induced papilloma formation both in terms of incidence of tumour as well as mean number of papillomas.
Lipid peroxidation is a free radical chain reaction and are known to cause two main step of carcinogenesis i.e., initiation and propogation. It is a highly destructive process. During carcinogenic process, lipid peroxidation is increased and a more complex and reactive compounds such as malondialdehyde (MDA) and 4-hydroxynonenal was obtained. These products of lipid peroxidation were observed to be mutagenic and carcinogenic.It is therefore implied that agents that can reduce the production of free radicals in vivo may be considered to have the potential for chemoprevention [24] . In the present study, administration of rutin significantly reduced the level of LPO in mice exposed to DMBA and croton oil and subsequently decreases the incidence of skin tumor.
GSH play a crucial role in preventing the oxidation of glutathionine. In control group the activities of GSH was decreased while rutin treatment increased the GSH level, which clearly suggest their antioxidant property. Antioxidants are reported to possess a chemopreventive property [25] . Antioxidants are generally regarded as the first line of defense against free radical stress and suggest their usefulness in eliminating the risk of oxidative damage induced during carcinogenesis. SOD and CAT are acts as mutually supportive antioxidative enzymes, which provide protective defense against reactive oxygen species (ROS). There was a significant enhancement in the levels of GSH, SOD, catalases and protein level in the rutin treated group compared to control group animals.
DMBA treatments generate LPO and ROS in the affected area of the skin and ultimately lead to carcinogenesis. This oxidative stress was easily observable in control group as level of LPO was higher and level of Catalase, SOD, and GSH was lower. The beneficial action of rutin is probably due to its ability to stimulate the antioxidant enzymes in the cells. These increases in enzyme activity effectively down-regulate the generation of ROS and LPO in the skin and thus might reduce the incidences of skin papillomas on the treated areas.
Conclusions
Thus it may be concluded from the present study that rutin isolated from Triticum aestivum could significantly enhance the antioxidant enzyme levels like GSH, SOD, Catalase and inhibited lipid peroxides hence showing its role in detoxification pathway. Both histology and enzyme activities suggest that environmental effects that lead to skin carcinogenesis can be inhibited by oral combination of rutin in the daily diet to achieve some protection against skin cancer. The results from the present study indicate that rutin can inhibit papilloma growth.
Further in silico study of rutin will also be performed by using the computational background to confirm the activity and we also test rutin against different carcinoma cell lines.
